Background. The influence of different head and neck positions on the effectiveness of ventilation with the air-Q V R selfpressurizing airway remains unevaluated. This study aimed to evaluate the influence of different head and neck positions on ventilation with the air-Q V R SP airway. Methods. In this prospective, randomized crossover study, we enrolled 51 female patients who were to undergo elective gynaecological or breast surgery under general anaesthesia. An air-Q V R SP airway was placed in all patients, and mechanical ventilation was performed using a volume-controlled mode with a tidal volume of 10 ml kg À1 and a respiratory rate of
positive-pressure mechanical ventilation. [10] [11] [12] In contrast, ventilation with the I-gel (Intersurgical, Ltd, Wokingham, UK), a supraglottic airway with a non-inflatable cuff, is effective in the extended or rotated neck positions but not in the flexed neck position. 13 These differences in oropharyngeal leak pressure and subsequent ventilation among the various types of supraglottic airway devices are thought to be attributable to the presence of the inflatable cuff, the shape of the cuff, or the shape and material of the airway tube. Therefore, each type of supraglottic airway device has to be used with appropriate head and neck positioning for effective ventilation.
The air-Q self-pressurizing airway (Air-Q SP airway, Mercury Medical, Clearwater FL, USA) has an opening between the airway tube and the proximal cuff, which allows the intracuff pressure to be regulated spontaneously according to the surrounding structures, such as the oropharynx and larynx. 14 15 Therefore, the air-Q SP airway cuff does not need to be inflated with air after insertion into the patient's mouth; this has the potential to reduce complications, including mucosal injury, nerve injury, and postoperative sore throat, which are known to occur as a result of excessive inflated cuff pressure. 16 However, no studies have evaluated the influence of the various head and neck positions on the efficacy of the air-Q SP airway. We hypothesized that the various head and neck positions might affect the efficacy of the air-Q SP airway because the cuff volume is not controlled via inflation of the pilot balloon, which would affect the fit against surrounding structures. Therefore, the primary aim of this study was to investigate the influence of the various head and neck positions on the oropharyngeal leak pressure of the air-Q SP airway. The secondary aims of this study were to assess the changes in the peak inspiratory pressure, expiratory tidal volume, ventilation score, and fibreoptic view according to the different head and neck positions.
Methods
This prospective, randomized study was approved by the Institutional Review Board of Severance Hospital (ref. 4-2015-0050) in Seoul, Republic of Korea, and was registered at the ClinicalTrials.gov website (ref. NCT02402387, April 2015). Written informed consent was obtained from all of the patients. The participants included female adults aged >20 yr who were to undergo elective gynaecological or breast surgery under general anaesthesia. Patients who had risk factors for difficult intubation, including a BMI >30 kg m À2 , a history of gastro-oesophageal reflux disease, a history of oesophageal operation, cervical spine disease, or a mass in the oral cavity or neck, were excluded from the study.
The size of the air-Q SP airway was selected according to the patient's body weight as follows: size 2.5 for a patient weighing <50 kg; and size 3.5 for a patient weighing 50-70 kg. Anaesthesia was induced with propofol 2 mg kg À1 and remifentanil 1 mg kg
À1
. After confirming the loss of consciousness, rocuronium 0.3 mg kg À1 was administered i.v. 8 9 11 13 17 Mask ventilation was performed using 100% oxygen and 3-4% sevoflurane for 3 min. After confirming that the patient had reached a point of neuromuscular block, as evidenced by lack of a reaction to jaw thrust stimulation, an air-Q SP airway lubricated with jelly was inserted into the patient's mouth while the patient was in the extended neck position. Mechanical ventilation through the air-Q SP airway was evaluated using the volume-controlled mode of the mechanical ventilator (Primus Infinity V R Empowered; Dr€ ager Medical, Lü beck, Germany). If square-wave capnography and bilateral chest excursion were observed, the mechanical ventilation was defined as adequate. If the ventilation was not adequate, several manoeuvres were attempted, as follows: the head and neck positions were changed to extended neck, jaw thrust, or flexed neck; the insertion depth of the air-Q SP airway was changed; or a different size of air-Q SP airway was tried. If the ventilation of the air-Q SP airway remained inadequate after these manoeuvres, the air-Q SP airway was removed from the patient's mouth and reinserted, and this change was defined as one attempt for insertion. If the ventilation was not adequate after three insertion attempts, the air-Q SP airway insertion was declared a failure, an tracheal intubation was performed as a substitute for the air-Q SP airway, and the patient was excluded from the study.
After confirming successful placement of the air-Q SP airway, mechanical ventilation was applied using the volumecontrolled mode with a tidal volume of 10 ml kg À1 , a gas flow rate of 2 litres min À1 and a respiratory rate of 12 min
. Anaesthesia was maintained using sevoflurane and remifentanil with an air-oxygen mixture to a fractional inspired O 2 of 0.5, targeting a bispectral index of 40-60. After 30 s, expiratory tidal volume and peak inspiratory pressure were recorded three times. Oropharyngeal leak pressure was defined as the airway pressure at which a leak sound was detected around the patient's mouth and at which the airway pressure had reached equilibrium, when the pressure-limiting valve of the anaesthesia breathing system was closed and the fresh gas flow rate was fixed at 3 litres min À1 . 8 18 The maximal airway pressure was limited to 40 cm H 2 O. 13 The ventilation score was calculated as the total score of three measurements based on the following three observations: no leakage with an airway pressure of 15 cm H 2 O; bilateral chest excursion with a peak inspiratory pressure of 20 cm H 2 O; and a square-wave capnogram. 13 17 The presence of gas leakage was detected over the mouth using a stethoscope. The fibreoptic score was recorded using a fibreoptic bronchoscope (Olympus LF-GP; Olympus Optical Co., Tokyo, Japan), which was inserted through the tube of the air-Q SP airway; the score was categorized as follows: 1, vocal cords not visible; 2, vocal cords plus anterior epiglottis visible; 3, vocal cords plus posterior epiglottis visible; and 4, only vocal cords visible. 19 First, peak inspiratory pressure, expiratory tidal volume, ventilation score, and fibreoptic score were measured and recorded in the neutral head and neck positions. Then, those same parameters were recorded in different head and neck positions, including the extended neck ($45 ), flexed neck ($45 ), and rotated head positions ($90 ), in a random order for each patient. 13 17 The randomization sequence was generated by one of the investigators (H.J.K.) using the free online Research Randomizer program (https://www.randomizer.org) to
Editor's key points 
Statistical analysis
The primary outcome was oropharyngeal leak pressure. The secondary outcomes were peak inspiratory pressure, expiratory tidal volume, ventilation score, and the fibreoptic view. In a previous study, the mean oropharyngeal leak pressure was reported as 20. 
Results
A total of 51 female patients were enrolled, and the air-Q SP airway was inserted successfully on the first attempt in all patients (Fig. 1) . The patient characteristics are shown in Table 1 position compared with the neutral position (P<0.001), whereas it did not change significantly in the flexed neck position or rotated position. The ventilation score decreased significantly only in the extended neck position compared with the neutral position (P<0.001; Table 2 ). The fibreoptic view is shown in Table 3 . The vocal cords were visible on the fibreoptic view in all patients regardless of head and neck position. The vocal cords and the anterior epiglottis were visible only in the flexed neck position in 14 patients.
Discussion
Our study demonstrates that the extended neck positioning impaired ventilation through an air-Q SP airway, whereas the rotated or flexed neck positions did not affect ventilation. Our findings are similar to those of previous studies showing a significant reduction in oropharyngeal leak pressure in the extended neck position while using the classic LMA, flexible LMA, 9 12 Proseal LMA, 10 11 or I-gel. 13 This reduction occurred because the anteroposterior diameter of the pharyngeal space became larger because of elevation of the hyoid and the laryngeal inlet when the neck was extended. As a result, the pressure of the pharynx on the cuff of the LMA was reduced. 10 11 In the present study, neck extension decreased the oropharyngeal leak pressure by up to 36%. Mean oropharyngeal leak pressure was much lower than 15-20 cm H 2 O, which is the suggested minimal airway sealing pressure to provide adequate lung ventilation without the risk of gastric aspiration; 20 the measured value was also lower than the reported oropharyngeal leak pressure of other LMA types, such as the Proseal LMA or I-gel. 10 11 13 Moreover, in our study, the expiratory tidal volume and ventilation score were also significantly decreased in the extended neck position, which is contrary to previous findings that adequate ventilation was maintained when using the Proseal LMA 11 or I-gel. 13 This discrepancy may have occurred because the large ventral and dorsal cuffs of the Proseal LMA can be inflated with air to fill the larger pharynx induced by neck extension. Additionally, the non-inflatable cuff of the I-gel has a thick anteroposterior diameter that is large enough to fill the increased pharyngeal volume induced by neck extension, whereas the self-regulated cuff of the air-Q SP airway seems to fail to fill the wider space of the pharynx. Therefore, when the neck was extended with the air-Q SP airway, a leak occurred around the cuff, resulting in inadequate tidal volume. Based on our results, the air-Q SP airway should be used with caution in the extended neck position, and whether the leak around the cuff is accompanied by adequate or inadequate ventilation should be checked before initiating surgery. Previous studies of the Proseal LMA, classic LMA, and flexible LMA demonstrated that the flexed position increases the oropharyngeal leak pressure compared with the neutral position, which is similar to our finding. 8-12 21 Moreover, in some studies of the Proseal LMA, head flexion improved ventilation quality. 8 11 The researchers interpreted the neck flexioninduced increase in oropharyngeal leak pressure as a benefit because the cuff seal with the pharynx improved without adversely affecting ventilation. However, previous studies of the I-gel reported inadequate ventilation in the flexed neck position, as indicated by a significant decrease in the ventilation score. 13 22 In contrast, in the present study, the ventilation score and expiratory tidal volume were maintained in the flexed neck position despite the increase in oropharyngeal leak pressure. This lack of improvement may have been attributable to the fact that all patients showed adequate ventilation without leakage in the neutral position in our study, whereas 15% of the patients in a previous study showed obvious gas leakage with the Proseal LMA before moving from the neutral position. 8 Moreover, the discrepancy with our results regarding inadequate ventilation with the I-gel may be attributable to the noninflatable cuff of the I-gel, the smaller ventilating orifice area and the straighter shape of the airway tube compared with the air-Q SP airway. Our results showed that a higher inspiratory pressure is required in the flexed neck position to provide the same tidal volume as in the neutral position. This trend may have occurred because the anteroposterior diameter of the pharynx was decreased by neck flexion, and the cuff of the air-Q SP airway was fully compressed and easily flattened by the surrounding structures, inducing partial airway obstruction. Influence of position on air-Q V R SP airway | 455
However, the increased airway resistance during head flexion did not seem to be critical, because effective ventilation was maintained at similar levels compared with the neutral position. The fibreoptic findings of our study agreed with previous results for the classic LMA, in which neck flexion narrowed the pharynx and deflected the epiglottis posteriorly, causing it to obstruct more of the fibreoptic view; 21 however, the fibreoptic view is not always correlated with the quality of ventilation with the LMA. 8 10 In our study, ventilation remained adequate in the flexed neck position in most patients despite the significant change in the fibreoptic view from the neutral position. Previous studies of the Proseal LMA and I-gel showed that oropharyngeal leak pressure or ventilation did not change in the rotated neck position compared with the neutral position, and these results were consistent with our results. 11 13 In previous studies of the flexible LMA, the oropharyngeal leak pressure of the rotated position was similar to or lower than that of the neutral position; this decreased pressure could be because of the lack of transmitted force along the airway tube. 9 12 In contrast, in previous studies of the classic LMA, the oropharyngeal leak pressure increased in the rotated position. 10 12 However, based on our results, we found that effective ventilation with the air-Q SP airway could be achieved even in the rotated neck position. This study had several limitations. First, the sample size was relatively small, and only female patients were studied. Second, the investigator was not blinded to the different head and neck positions, because blinding of the position was not possible even by covering the patient's head with a blanket. However, we clearly defined all the variables before the start of the study. Moreover, we standardized the target tidal volume according to patient body weight and recorded the ventilation parameters several times after a 30 s stabilization period. Similar previous studies that reported the influence of position on LMA function were performed in an unblinded fashion. 13 17 Third, a neuromuscular blocking agent was administered to provide consistent conditions in all of the patients. 8 9 11 13 17 Therefore, our findings could vary from those of spontaneously breathing patients not administered a neuromuscular blocking agent. Fourth, a high airway pressure limit of 40 cm H 2 O was set to measure the oropharyngeal leak pressure accurately over a wide range. 13 In conclusion, ventilation quality decreased in the extended neck position as a result of significant leakage when using an air-Q SP airway. Therefore, although effective ventilation can be maintained in the flexed or rotated head position, caution is required with neck extension.
